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Si $(i=1,2, \cdots, I)$ . ,
. 1, 2, $\cdots,$ $K$ $K+1$ . ,
$\rho=1$ , , $\rho=K$
, $\rho=K+1$ . $(\Omega, \mathcal{F}, \mathbb{P}, \{\mathcal{F}_{t}\})$
. $\{\mathcal{F}_{t}\}$ .
$l\in\{1,2, \cdot\cdot\cdot, L\}$ . $L=3$ ,
1 , 2 , 3 . $l$
, $0<T_{1}^{l}<T_{2}^{l}<\cdots$ $l$ $\{\mathcal{F}_{t}\}$ - .
, $T_{n}^{\iota\forall}<\infty a.s.n\in \mathbb{N}$ . ,
. , .
$l$ $N_{t}^{l}= \sum_{n\geq 1}1_{\{T_{n}^{l}\leq t\}}$ , $N_{t}^{l}$ $\lambda_{t}^{l}$ \dagger . $\lambda_{t}^{l}$




$d\lambda_{t}^{l}$ $=$ $\kappa_{t}^{l}(c_{t}^{l}-\lambda_{t}^{l})dt+dJ_{t}^{l}$ , $($ 2.1 $)$
$J_{t}^{l}$ $=$
$\sum_{n\geq 1}(\min(\delta^{l}\lambda_{T_{n}^{l}-}^{l},$
$\gamma^{l})1_{\{T_{n}^{l}\leq t\}})$ , $($ 2.2 $)$
$\kappa_{t}^{l}$ $=$
$\kappa^{l}\lambda_{T_{N_{t}^{\iota}}^{l}}^{l},$ $c_{t}^{l}=c^{l}\lambda_{\tau_{N_{t}^{l}}^{l}}^{l}$ . (2.3)
$\kappa^{l}>0,$ $c^{l}\in(0,1),$ $\delta^{l}>0,$ $\gamma^{l}\geq 0,$ $\lambda_{0}^{l}>0$ \ddagger .
1 $(2.1)-(2.3)$ .
(self-exciting ),
(state-dependent ) \S . 2 ,
cime
1: $($ 2.1 $)$ $-(2.3)$ . (




$\ddagger$ Giesecke and Kim[2]
.
\S $T_{n}^{l}\leq t<T_{n+1}^{l}$ , $(2.1)-(2.3)$ :
$\lambda_{t}^{l}=c^{l}\lambda_{T_{n}^{l}}^{l}+(1-c^{l})\lambda_{T_{n}^{l}}^{l}\exp(-\kappa^{l}\lambda_{T_{n}^{l}}^{l}(t-T_{n}^{l}))$ .
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. Thinning , $t$ ( )
$S_{i}$
$\rho$ $m$ ( )
$Z_{t}^{(i,1)}(\rho, m),$ $Z_{t}^{(i,2)}(\rho, m)$ , $t$
$\rho$
$Z_{t}^{(i,3)}(\rho)$
$\Vert$ . , $Z_{t}^{(i,1)}(\rho, m),$ $Z_{t}^{(i,2)}(\rho, m)$
$Z_{t}^{(i,3)}(\rho)$ ,
[5] self-exciting mutually exciting ,
self-exciting .
$||$ Giesecke et al. [1] , , $Z_{t}^{(i,3)}(\rho)$ :
$Z_{t}^{(i,3)}(\rho)$ $=$ $\lim_{\epsilonarrow 0}Z_{t}^{(i,3)}(\rho,\epsilon)$ ,
$Z_{t}^{(i_{1}3)}(\rho,\epsilon)$ $=$ $\sum_{n}\frac{P[\{T_{n}^{3}\in\tau^{3}(S_{i})\}\cap\{T_{n}^{3}\in\tau^{3}(\rho)\}\cap\{T_{n}^{3}\leq t+\epsilon\}|\mathcal{F}_{t}]}{P[T_{n}^{3}\leq t+\epsilon|\mathcal{F}_{t}]}1_{\{T_{n- 1}^{3}<t\leq T_{n}^{3}\}}$ .
, $\tau^{3}$ (Si) $S_{i}$ , $\tau^{3}(\rho)$ $\rho$
. $Z_{t}^{(i,l)}(\rho, m)\langle l=1,2)$ .
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:$Z_{t}^{(i,1)}(\rho, m)$ $=$ $\frac{X_{t}^{(i)}(\rho)}{\sum_{\rho=1+m}^{K}X_{t}^{*}(\rho)}z_{m}^{1}1_{\{\Sigma_{\rho=1+m}^{K}X_{t}^{*}(\rho)>0\}}$ $(\rho=1+m, 2+m, \cdots, K)$ ,
(2.4)
$Z_{t}^{(i,2)}(\rho, m)$ $=$ $\frac{X_{t}^{(i)}(\rho)}{\sum_{\rho=1}^{K-m}X_{t}^{*}(\rho)}z_{m}^{2}1_{\{\Sigma_{\rho=1}^{K-m}X_{t}^{*}(\rho)>0\}}$ $(\rho=1,2, \cdots, K-m)$ , (2.5)
$Z_{t}^{(i,3)}(\rho)$ $=$ $\frac{X_{t}^{(i)}(\rho)}{X_{t}^{*}(\rho)}z_{\rho}1_{\{X_{t}^{*}(\rho)>0\}}$ $(\rho=1,2, \cdots, K)$ . (2.6)
, $X_{t}^{*}(\rho)$ $t$ $\rho$ , $X_{t}^{(i)}(\rho)$ $t$
$S_{i}$
$\rho$ . , $z_{m}^{l}(l=1,2, m=1,2, \cdots, K-1)$
$m$ ,
$0\leq z_{m}^{l}\leq 1(l=1,2)$ $\sum_{m=1}^{K-1}z_{m}^{l}=1$ . $z_{\rho}$ ,
$\rho$ , $0\leq z_{\rho}\leq 1(\rho=1,2, \cdots, K)$
$\sum_{\rho=1}^{K}z_{\rho}=1$ .
$N_{t}^{(i,1)}(\rho, m)(N_{t}^{(i,2)}(\rho, m))$ $S_{i}$
$\rho$ $m$ (
) , $N_{t}^{(i,3)}(\rho)$ $S_{i}$ $\rho$
. , $Z_{t}^{(i,1)}(\rho, m),$ $Z_{t}^{(i,2)}(\rho, m),$ $Z_{t}^{(i,3)}(\rho)$ $N_{t}^{(i,1)}(\rho, m),$ $N_{t}^{(i,2)}(\rho, m)$ ,
$N_{t}^{(i,3)}(\rho)$ :
$\lambda_{t}^{(i,1)}(\rho, m)$ $=$ $Z_{t}^{(i,1)}(\rho, m)\lambda_{t}^{1}$ , (2.7)
$\lambda_{t}^{(i,2)}(\rho, m)$ $=$ $Z_{t}^{(i,2)}(\rho, m)\lambda_{t}^{2}$ , (2.8)
$\lambda_{t}^{(i,3)}(\rho)$ $=$ $Z_{t}^{(i,3)}(\rho)\lambda_{t}^{3}$ . (2.9)
3
2
. 2, 3 Ogata[6] .
$[0, H]$
1. [ ]
$\bullet$ : $(\kappa^{l}, c^{l}, \delta^{l}, \gamma^{\iota}, \lambda_{0}^{l})(l=1,2,3)$ , $z_{m}^{l}(l=1,2,$ $m=$
1, 2, $\cdots,$ $K-1),$ $z_{\rho}(\rho=1,2, \cdots, K)$ . : $S=0$ ,
: $H(>0)$ , : $X_{T}^{(i)}(\rho)=X_{0}^{(i)}(\rho)(i=$
$1,2,$ $\cdots,$ $I$ , $\rho=1,2,$ $\cdots,$ $K)$ , $l$ : $N^{l}=0(l=1,2,3)$ ,
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$l$ : $T_{N^{l}}^{l}=0(l=1,2,3)$ .
2. [ $T$ ]
$\bullet$ $A=\sum_{l=1}^{3}\lambda_{S}^{l}$ , $\mathcal{E}\sim\exp(\Lambda)$ .
$\bullet$ $T=S+\mathcal{E}$ . $T>H$ .
3. [ $T$ ]
$\bullet$ $\lambda_{T}^{l}/\Lambda$ $T$ $l$ .
, 5 .
4. [Thinning]
$\bullet$ $l$ , (2.4),(2.5),(2.6) ,
( $\searrow$
) . , $X_{T}^{(i)}(\rho),$ $N^{l},$ $T_{N^{l}}^{l}$ .
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